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Type three secretion system in non-toxigenic Vibrio cholerae O1, Mexico
Cholera reemerged in Latin America in 1991, after being absent for more than 100 years (Sepú lveda et al., 2006) . Initially appearing in Peru in January, cholera reached Mexico in June, affecting 45 977 people in Mexico alone until 2002 (Sepú lveda et al., 2006) . Vibrio cholerae, the causative agent of cholera, has more than 200 'O' serogroups, but only O1 and O139 cause epidemic cholera; the remaining serogroups (non-O1/O139) are associated with sporadic diarrhoea. Serogroup O1 has two biotypes, namely classical (CL) and El Tor (ET). Historically, the CL biotype caused the fifth, sixth and presumably the earlier pandemics, while the ET biotype is responsible for the ongoing seventh pandemic that began in 1961. The major virulence factors for V. cholerae O1/O139 include the potent cholera toxin (CTX) and the toxin co-regulated pilus (TCP), which promotes bacterial intestinal colonization and serves as receptor for the lysogenic CTX prophage (CTXw). Naturally occurring V. cholerae populations can become toxigenic via acquisition of CTXw and those lacking CTXw are generally known as nontoxigenic. V. cholerae non-O1/O139 usually lack CTX and TCP; however, they possess virulence factors, namely ETspecific haemolysin, repeat in toxin (RTX), heat-stable enterotoxin (NAG-ST), cholix toxin and type three secretion system (T3SS) (Chatterjee et al., 2009; Dziejman et al., 2005) . The T3SS is a virulence factor for several enteropathogens including Escherichia coli, Salmonella enterica, Shigella spp., Vibrio parahaemolyticus and V. cholerae non-O1/O139 (Dziejman et al., 2005; Coburn et al., 2007) . Although the mechanism by which T3SS contributes to virulence and disease remains largely unknown, it has been shown to induce diarrhoea in animal models (Dziejman et al., 2005; Shin et al., 2011 strains switched serologically and converted to O1 by acquiring O1 biosynthesis genes. Previously, T3SS and CTXw have been shown to be present in the same V. cholerae non-O1/O139 host, although the number of isolates was relatively few (Octavia et al., 2013) . Nevertheless, it remains a possibility that the non-toxigenic T3SS + strains could become CTX + via acquisition of TCP, a receptor for CTXw (Rahman et al., 2008) . The clinical relevance of the naturally occurring V. cholerae O1 carrying T3SS in Mexico can pose health threat considering that such CTX 2 V. cholerae O1 can cause disease and also serve as a progenitor to become toxigenic by laterally acquiring the CTX prophage.
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